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Spin-charge coupled system

Optical manipulation of magnetism

In spin-charge coupled system
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Double exchange interaction

Zener (‘51), Anderson-Hasegawa (‘55), de Gennes (‘59)
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Spin-state transition (Cobaltites)
Inverse Double-exchange phenomena (Manganites)



Photo-induced HS bound state

IN spin-transition system
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Perovskite cobaltites

Low spin Intermediate High spin
LS spin (HS)
(S=0) (1S) (S=1) (S=2)

Crystalline field splitting Spin transition by temperature, and doping
A 10 T T T T -t
: La—4S1r¢Co03 J :
1z w | oo
0.002 + i
Hund coupling : S ooty ¥
] \ 15"y
) 0.005
o 0200 40 600 800
- 200 400 600 800
) T®

Y. Tokura et al. Phys. Rev. B (‘98)



Photo irradiation

RBaCO506 (R = Tb,Gd,Sm)
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Theoretical model
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Photo-induced spin state change

LS band insulator
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HS/hole bound state

Distribution function around hole
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Optical pump-probe spectra

o()/tp

Photoinduced
spin-state
transition

No spin-state

1 transition

B A unique peak structure
In photo-induced spin-state

transition phase

Excitation inside of
HS/hole bound state



Implication for experiments
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Implication for experiments

Effective optical carrier number
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Time Evolution

DOS
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Unconventional photon intensity dependence
In Double exchange system

(manganites)




Manganite: as a charge-spin coupled system
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Photo irradiation

Optical pump-probe « Photo-irradiation
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Double exchange interaction

Zener (‘51), Anderson-Hasegawa (‘55), de Gennes (‘59)
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Double exchange model

B double exchange model (ele # / site=0.5)
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Charge & spin states

Weak CO Charge correlation func. Kn = NS (niny) 10# ~ 20Fs
correlation - <lw) - Melting of CO

T 0'2_ oW~

Weak pump: Weak melting

Strong pump: Strong melting

0.0
Strong CO B0G-——45—"g5" 150 160 200

correlation fime
| | B Melting of AFM
FM Spin correlation func  Kg=N"'S72)"S;.S8;

(ij)

Weak pump: monotonic melting

Strong pump: melting in short time
and then
l __ Increasing of correlation
-1.0

AFM 0 40 80 -, 120 160 200
J. Ohara Y. Kanamori and SI, arXiv.:12041844



Energy flow

FElelectron Kinetic ener. + Coulomb ener.. Espin Exchange term
Weak pumping
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Strong v.s. weak pumpings

Kinetic energy
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Optical manipulation of band width & magnetism
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Summary

Optical Manipulation of Magnetism via Double Exchange )7%
Spin state system (cobaltites)
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